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A Simple Calculation Method of Attribute Reduction
in Variable Precision Rough Set Models
?? ?? ?? ??
Yasuo Kudo Tetsuya Murai
?????? ?????
Mutoran Institute of Technology Hokkaido University
Abstract: We propose a simple calculation method of attribute reduction in variable precision rough set
(for short, VPRS) models proposed by Ziarko. VPRS is an extension of Pawlak's rough set theory, and
it provides a theoretical basis to treat inconsistent or probabilistic information in the framework of rough
sets. Inuiguchi has proposed various types of attribute reduction in VPRS, and Wang and Chiou have
proposed a method to calcurate reducts preserving ¯-lower approximations (called L¯-reducts) proposed
by Inuiguchi. In this paper, we prove that calculation of L¯-reducts results in calculation of relative reducts
in Pawlak's rough set theory. Moreover, by generating a ¯-decision table from the given decision table, we
propose a method to calculate all L¯-reducts in the given decision table by using a discernibility matrix.
1 ????
Ziarko???????????????? (variable
precision rough set model) [8] ??Pawlak ????
??? (rough set) [4, 5] ?????????????
????????????????????????
????????????????????????
????????????????????????
??? [1]?????????????? [2]????
????????????????????????
???????????????????Wang and
Chiou [7]???????????????? 2???
????????????????????????
? 2??????????????????
???????????????????????
???????????????Pawlak??????
?????????????????????????
???? (discernibility matrix) [6]????????
????????????????????????
?????
2 ????
???????????????????????
??????????????? [2, 3]????.
2.1 ??????????
???????????????????????
????????????????????????
???????. ???????????? 4???
???????? (decision table)????????
(U;C [D;V; ½);
????U ?????????C ?????????
D????????????C \D = ;??????
???????? AT def= C [D????V ????
a 2 AT ??????½ : U £ AT ! V ??? x??
? a??? ½(x; a) 2 V ????????.
??????????A µ AT ?????U ???
? RA ?????????
xRAy
def() ???? a 2 A????
½(x; a) = ½(y; a):
(1)
??RA????????????????????.
RA??? x???? [x]RA??A?????????
?????x???????????????. ???
????RA??????? (indiscernibility relation)
???. ??????D?????????????
??????????D = fD1; ¢ ¢ ¢ ; Dmg?????
Di ?????? (decision class)??????
?????? Di ??????????? RA ??
???? (lower approximation) A(Di)??????
(upper approximation) A(Di) ??????????
?????
A(Di)
def= fx 2 U j [x]RA µ Dig;? (2)
?A(Di)
def= fx 2 U j [x]RA \Di 6= ;g: (3)
TD1-3
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? 1: ?????
U c1 c2 c3 c4 d
x1 1 1 1 2 1
x2 1 1 2 4 3
x3 1 1 3 2 1
x4 1 1 3 2 1
x5 1 1 3 2 2
x6 1 1 3 2 2
x7 2 1 2 2 2
x8 3 1 1 2 1
x9 1 2 1 3 1
x10 1 2 1 3 2
x11 1 2 1 3 2
?????? RA??????Di???? A(Di)??
A?????????????????Di?????
????????????????????A(Di)?
Di???????????????????????
???????Di ???? C(Di) = Di = C(Di) ?
????????????????????????
??????????????
??????? 1?????????? [7]???
????????????½(xi; d) = i???????
???????Di?????3???????D1 =
fx1; x3; x4; x8; x9g ???D2 = fx5; x6; x7; x10; x11g?
D3 = fx2g ???????????D1 ??????
????? C = fc1; c2; c3; c4g??????????
RC ?????? C(D1)?????? C(D1)???
?????????
C(D1) = fx1; x8; x9g;
C(D1) = fx1; x3; x4; x5; x6; x8; x9; x10; x11g:
????? 1???????????????????
2.2 ????
????????????????????????
??????????C?????????????
RC???????????????????????
????????????????????????
?????????A µ C????????????
?????D?C???????? (relative reduct)
????????????Di 2 D (i = 1; ¢ ¢ ¢ ;m)??
????? 2???????????????A µ C
????
1. A(Di) = C(Di).
2.??? B ½ A???? B(Di) 6= C(Di).
????B ½ A??? B ??? A????????
?????????
?? 1??????A?????????????
????C???????????????????
???????? 2??A???????? 1???
??????C ?????????????????
????????????????????????
???C????????????????????
????
2.3 ??????????????
???????????????????????
???? [6] ?????????????? (U;C [
D;V; ½)??????????????????B µ D
????????????????? i? j ????
? ±ij ??? n£ n?????.
±ij =8><>:
fa 2 C j ½(xi; a) 6= ½(xj ; a)g;
9d 2 B; ½(xi; d) 6= ½(xj ; d);
;; ???:
(4)
????n = jU j????jU j???U????????
???????? ±ij = ±ji?? ±ii = ;????? i
? j ?????? j ? i?????????????
????????????????????????
????????????????????????
???????????????.
±ij 6= ; ??? i ? j ???? ±ij ???????
?????? xi ? xj ?????±ij ???????
????????????? xi ? xj ??????
????????. ???????? ±ij ?????
±ij 6= ;???±ij \ A 6= ; ????????????
??????????????????? A µ C ?
????????
????????????????????????
???????????±ij = fai1; ¢ ¢ ¢ ; aikg (k ¸ 1)?
???????????????L(±ij)????±ij =
fai1g?????L(±ij) ´ ai1 ???????±ij = ;
?????L(±ij)? > (??)????L(±ij)??(xi
? xj ????????) ai1 ??? ¢ ¢ ¢ ??? aik(?
??????)??????????????L(±ij)?
???
V
L(±ij)?????????? ±ij = ±ji ??
????????????????????????
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??
V
i>j L(±ij) ????????????????
?????????????
^
i>j
L(±ij) ´
s_
k=1
tk^
l=1
akl
???????
Vtk
l=1 akl ?????????????
fak1; ¢ ¢ ¢ ; aktkg (k = 1; ¢ ¢ ¢ ; s) ??????????
????????????????????????
?????????????????????
2.4 ???????????
?????????????Pawlak???????
????????????????????????
?????????????????
??? (U;C [D;V; ½)?????????????
?????? X;Y µ U ????????? c(X;Y )
???????????
c(X;Y ) def=
8<: 1¡
jX \ Y j
jXj ; jXj > 0???;
0; ????:
(5)
???? c(X;Y )??X????????Y ?????
???????????????????? c(X;Y )?
?????X?Y ??????????? c(X;Y ) = 0
??????????????????????
X µ Y () c(X;Y ) = 0: (6)
???????????????????? (precision)
¯ (0 · ¯ < 0:5) ????????????????
??????????????
X
¯
µ Y def() c(X;Y ) · ¯: (7)
RA???A µ C ???????????U=RA?
RA??????????????????Di?RA
??? ¯-??? (¯-lower approximation) A¯(Di)?
?? ¯-??? (¯-upper approximation) A¯(Di)??
????????????.
A¯(Di)
def=
[
f[x]RA 2 U=RA j [x]RA
¯
µ Dig(8)
= fx 2 U j c([x]RA ; Di) · ¯g; (9)
A¯(Di)
def= fx 2 U j c([x]RA ; Di) < 1¡ ¯g:(10)
Pawlak?????????????????????
???? ¯ = 0?????????????????
???????? Pawlak????????????
????????????¯-??????? 1????
? 1: ¯-?????
???????????????????????
???Inuiguchi ????????????????
(L¯-???????) [2]?????L¯-??????
????????
?? 1 L¯-?????????????Di 2 D (i =
1; ¢ ¢ ¢ ;m)??????? 2???????????
???? A µ C ????
1. A¯(Di) = C¯(Di).
2.??? B ½ A???? B¯(Di) 6= C¯(Di).
3 L¯-???????????
?????Wang and Chiou [7]??? L¯-??1?
???????????????????? [7]??
????????????????????????
???????????
Wang and Chiou???????????????
???????? 2???????????L¯-??
??????? 2?????????
? 1?? ????????DT = (U;C[D;V; ½)?
??????????????D = fD1; ¢ ¢ ¢ ; Dmg ?
??????????? d1 (Vd1 = f0; 1g)?????
½1???? 1??????? (pseudo decision table)
DT1 = (U;C [ fd1g; V [ f0; 1g; ½1)
??????½1 ??????????
½1(x; a) =
8><>:
½(x; a); a 2 C;
1; a = d1?? x 2 PosC(D);
0; ???:
(11)
1?? [7] ?? ¯-certain reduct ????????
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?? PosC(D)????????????? C ???
?? D? ¯-??? (¯-positive region)??????
PosC(D) def=
[
Di2D
C¯(Di) (12)
? 1??????? DT1 ????????????
L¯-?????????? 2??????
? 2 ?? ??? DT ?????????????
?? D = fD1; ¢ ¢ ¢ ; Dmg ????????????
d2 (Vd2 = f1; ¢ ¢ ¢ ;mg)????? ½2 ???? 2??
?????
DT2 = (PosC(D); C [ fd2g; V [ Vd2 ; ½2)
??????½2 ??????????
½2(x; a) =
(
½(x; a); a 2 C;
i; a = d2?? x 2 C¯(Di):
(13)
? 2???????DT2???????? S2??
???????????????S2????????
?DT ? L¯-?????????????? [7]?
1. L¯-?????? S1 ?????S1 µ S2 ????
2. ¯-???PosC(D)???????????? x?
??????????? Di 2 D???????
??????????????
c([x]S2 ; Di) > ¯: (14)
????[x]S2 ? S2??????????RS2 ?
?? x????????
4 L¯-?????????
???????????? L¯-?????????
????????????????????????
L¯-???????????????
4.1 L¯-????????????
??????????????????????¯-?
?????????????????????????
?? 1 ???DT = (U;C[D;V; ½)?????X µ U
??????????RB ???????? B µ AT
?????????????????¯ (0 · ¯ < 0:5)
???????RB ??? (???)?????? ¯-?
??????????????
B
¡
B¯(X)
¢
= B¯(X): (15)
L¯-????? 1.???????? 1??????
???????
?? 1 ???DT ?????????????A µ C
? L¯-????? 1:
????Di 2 D????A¯(Di) = C¯(Di)
????????????????????????
??Di 2 D??????????????:
A¯ (Di) = A
¡
C¯(Di)
¢
(16)
= C
¡
C¯(Di)
¢
: (17)
????? 1?????????????L¯-??
??? 2?????????????????
? 1 ??? DT ????????? X µ U ???
????????? B;B0 µ AT ??????
B
¡
B0¯(X)
¢ 6= B0¯(X) (18)
????????????????
B¯(X) 6= B0¯(X): (19)
? 1?????????????
?? 2 ???DT ?????????????A µ C
???????????Di 2 D??????? C ?
??? ¯-??? C¯(Di) ???????????? 2:
??? B ½ A?????B ¡C¯(Di)¢ 6= C ¡C¯(Di)¢
???????????? A ??????????
Di 2 D???? L¯-????? 2:
??? B ½ A?????B¯(Di) 6= C¯(Di)
?????
???DT ??????????Di (i = 1; ¢ ¢ ¢ ;m)
??????????? C ???? Di ? ¯-???
C¯(Di)??????? D¯ ???????????
D¯ def= fC¯(Di) j Di 2 Dg [ fU ¡ PosC(D)g : (20)
D¯ ? U ???????????????????D¯
????????? 2????
?? 1????? 2??????????????
?? 1 ???DT ??????????????A µ
C ??? D¯ ???????????????A??
? D???? L¯-??????
??????????????????? L¯-??
???????????????????
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? 2: ?? D¯ ??
4.2 ??????? L¯-?????
?????????????DT ????? ¯??
??????????????? L¯-???????
????????
????? 1??????DT ?????????
????? D¯ ????????? DT ???? L¯-
????????????????????????
?? L¯-????????????????????
?????? D??????????????? D¯
????????????????????????
??DT ????????? ¯-?????????
?? 2 ???DT = (U;C [D;V; ½) ???????
???????? D = fD1; ¢ ¢ ¢ ; Dmg ?????
DT¯ = (U;C [ fdg; V [ Vd; ½0) (21)
?¯-??????????????U ????DT ?
??????d? ¯-???????????????
???d 62 C????Vd = f1; ¢ ¢ ¢ ;m;m+1g????
? d?????????½0 : U £ (C [fdg)! (V [Vd)
???????????????
½0(x; a) =
8><>:
½(x; a); a 2 C ????
i; a = d?? x 2 C¯(Di);
m+ 1; ????:
(22)
¯-??????????????????????
?????? D¯ ????????????????
?????¯-??????????? d??????
????????????DT ?????? D¯ ??
????????????????????? D¯ ?
???????????????? RC ??????
? 2: ¯-???
U c1 c2 c3 c4 d
x1 1 1 1 2 1
x2 1 1 2 4 3
x3 1 1 3 2 4
x4 1 1 3 2 4
x5 1 1 3 2 4
x6 1 1 3 2 4
x7 2 1 2 2 2
x8 3 1 1 2 1
x9 1 2 1 3 2
x10 1 2 1 3 2
x11 1 2 1 3 2
?????????????????? D¯ ????
???¯-????????????? x 2 U ????
????????????????????????
????????????????????????
??????????????????
?? 2 ???????? DT ???????? L¯-
????DT ??????? ¯-??????????
????????????????????????
¯ = 13 ???? 1???????????????
???????? ¯-????? 2????? 1?? 2
??????? 1???? ¯-??? PosC(D)???
????? x3??? x4?x5?x6??? 2?????
????? ¯-????????? \4"???????
?????? ¯-??? C¯(D2)??????? x9 ?
????????? 2?? C¯(D2)?????? \2"
?????????????
???? 2? ¯-???????????D = fdg?
????????? 3????? 3?????x4??
x6??????? x3????x9??? x10????
??? x11 ???????????????????
????2? 1????? ±21 = fc3; c4g???? c3
??? c4????????? x1? x2???????
?????2.3???????????¯-??????
???????????????^
i>j
L(±ij) ´ (c3 _ c4) ^ c3 ^ ¢ ¢ ¢ ^ (c1 _ c2 _ c4)
´ (c1 ^ c2 ^ c3) _ (c3 ^ c4)
???????? 1????? 2???? 1????
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? 3: ? 2? ¯-???????????
x1 x2 x3 ¢ ¢ ¢ x7 x8 ¢ ¢ ¢ x11
x1 ;
x2 fc3; c4g ;
x3 fc3g fc3; c4g ;
...
x7 fc1; c3g fc1; c4g fc1; c3g ¢ ¢ ¢ ;
x8 ; fc1; c3; c4g fc1; c3; c4g ¢ ¢ ¢ fc1; c3g ;
...
x11 fc2; c4g fc2; c3; c4g fc2; c3; c4g ¢ ¢ ¢ ; fc1; c2; c4g ¢ ¢ ¢ ;
???? L¯-????? fc1; c2; c3g??? fc2; c4g?
??????
5 ????
???????????????????? L¯-?
??????Pawlak???????????????
????????????????????????
??? ¯-????????????????????
L¯-???????????????????
????????Wang and Chiou [7]?????
????????????????????????
???????????? C ??? ¯-??????
????????????????????????
?????????? 2?????????????
?????????????????????
1.?????? 2????????????????
????????????? ¯-?????????
2.???????? 2?????????????
???????????? L¯-????????
??????????????? ¯-??????
???????????? L¯-????????
??????????????????????
????? L¯-?????????????
????????? 1 ???????? ¯-???
PosC(D) ?? ¯-????????? 2 ??????
????????? ¯-??? C¯(Di) ???????
?????¯-??????????? ¯-??????
? ¯-??????????????????????
2???????????????????????
?????????????¯-??????????
????????????????????????
????????????????????????
???????????? L¯-??????????
???
????
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